ABSTRACT: An experiment was conducted to evaluate the dietary effects of Cr propionate (CrProp) and metabolizable energy (ME) on growth, carcass traits, and pork quality of growing-finishing pigs. One hundred forty-four Cambrough-22 barrows were allotted to four dietary treatments in a randomized complete block design (six replicates of six pigs per replicate; average initial and final body weight were 27 and 113 kg, respectively). The dietary treatments were: 1) corn-soybean meal basal (B; low ME), 2) B + 200 ppb of Cr (as CrProp), 3) B + 200 kcal ME/kg (4.5% added fat; high ME), or 4) B + 200 kcal ME/kg + 200 ppb of Cr. At trial termination, three pigs per replicate were killed to determine dietary effects on carcass traits and pork quality. Overall average daily gain, average daily feed intake, and gain:feed
Introduction
Research has indicated that dietary fat content may affect the response to Cr, with rats being more responsive to Cr in a high-fat diet (Striffler et al., 1995) . Research specifically addressing Cr and its potential interaction with dietary fat (or energy levels) in pigs is limited, but van de Ligt et al. (1998) reported that Cr picolinate (CrPic) had no effect on growth or carcass 1 Approved for publication by the Director of the Louisiana Agric. 191 ratio were not affected (P > 0.10) by diet. During the early growing period, average daily gain was increased in pigs fed the CrProp-low-ME diets, but decreased in pigs fed the CrProp-high ME diets (Cr × ME, P < 0.04). Feed intake was increased (P < 0.05) in pigs fed the high-ME diets during the early growing period. Fortyfive min and 24 h pH were not affected (P > 0.10) by diet. The CIE L* tended (P = 0.07) to be increased and shear force tended (P = 0.06) to be decreased in pigs fed high-ME diets. Subjective marbling was increased (P < 0.03) and longissimus muscle percentage moisture and thaw loss were decreased (P < 0.04) in pigs fed CrProp. Chromium propionate had no consistent effect on growth and carcass traits in this experiment; however, CrProp did affect some aspects of pork quality. traits and no interactions between Cr and dietary energy concentration were observed in pigs fed energydeficient diets.
Moreover, limited research is available addressing the effects of Cr on pork quality. Page et al. (1992) and Boleman et al. (1995) reported no effects of CrPic on water-holding capacity or sensory evaluation in pigs. However, Boleman et al. (1995) reported that shear force was increased in pigs fed CrPic during the growing-finishing period compared to pigs fed CrPic during the finishing period only. O'Quinn et al. (1998) reported that CrPic decreased drip loss and marbling, and that Cr nicotinate decreased loin muscle subjective color and saturation index in gilts.
Furthermore, Matthews et al. (2001b) reported that glucose clearance was increased and glucose half-life was decreased during an insulin challenge test in pigs fed Cr propionate (CrProp), indicating that CrProp is a bioavailable source of Cr. Thus, the purpose of this experiment was to evaluate the effects of CrProp and dietary ME (added fat) on growth, carcass traits, and pork quality of growing-finishing pigs. 
Materials and Methods
The procedures used in this experiment were approved by the Louisiana State University Agricultural Center Institutional Animal Care and Use Committee.
General
One hundred forty-four PIC Cambrough-22 barrows were allotted based on weight to four dietary treatments in a randomized complete block design. Each treatment consisted of six replicates of six pigs per replicate with an initial mean BW of 27 kg. A four-phase grower-finisher program was used with diets formulated to provide 1.13, 0.89, 0.82, and 0.74% lysine for weight ranges of 27 to 43, 43 to 71, 71 to 99, and 99 to 117 kg, respectively. Total sulfur amino acids, tryptophan and threonine were formulated to meet the minimal ideal ratio of Baker (1994) , and all other nutrients met or exceeded NRC (1998) requirements. Dietary treatments included: 1) corn-soybean meal diet (basal ;  Table 1 
Plasma Collection and Analyses
Blood samples from pigs fasted for 16 h were collected via the anterior vena cava on d 23 (late grower), 56 (early finisher), and 83 (late finisher) of the experiment. After collection of blood, the samples were placed on ice for 2 h, and then centrifuged for 15 min at 1,500 × g at 4°C. Plasma was collected and frozen (−20°C) until subsequent analysis for NEFA concentrations. Nonesterified fatty acid concentrations were determined by an enzymatic colorimetric procedure (NEFA-C Kit, ACS-ACOD Method; Wako Chemicals USA, Richmond, VA) as described by McCutcheon and Bauman (1986) .
Carcass and Pork Quality Evaluation
At the end of the growth trial (average BW = 113 kg), three pigs from each replicate were randomly selected for slaughter. Pigs were slaughtered in two groups (three weight blocks per slaughter group). Although the growth trial had ended, pigs from the second slaughter group remained on treatment diets until slaughter. Pigs (average slaughter BW = 117 kg) were transported to the Louisiana State University Agricultural Center Meats Laboratory for slaughter. Pigs were killed by electrical stunning followed by exsanguination. Conventional carcass, total body electrical conductivity, and pork quality data were determined on the left carcass side as described by Matthews et al. (2001c) . Percentage of muscling and kilograms of lean were calculated using the equations described by NPPC (1991), which uses a 5% estimation for intramuscular fat and compensates for unequal body weights.
Statistical Analysis
Data were analyzed by ANOVA (Steel and Torrie, 1980) using the GLM procedure of SAS (SAS Inst., Inc., Cary, NC) as a randomized complete block design. The pen of pigs served as the experimental unit for all data. Orthogonal single degree-of-freedom contrasts were used to determine the main effects of Cr and ME and the interaction between Cr and ME. Effects were considered significant at P < 0.05. Probability values of P > 0.05 and P < 0.10 were considered trends and probability values of P > 0.10 were considered not significant.
Results
During the early grower period, the high-ME diet increased ADFI (P < 0.05; Table 2 ), but ADG was not affected (P > 0.10), resulting in a numerical decrease in gain:feed. During the late-grower, early-finisher, latefinisher, and overall periods, the ME level of the diet did not affect (P > 0.10) ADG, ADFI, gain:feed, or plasma NEFA concentrations.
During the early grower period, ADG was increased in pigs fed CrProp in low-ME diets, but decreased in pigs fed CrProp in high-ME diets (Cr × ME, P < 0.04). Otherwise, ADG, ADFI, gain:feed ratio, or plasma NEFA concentrations during the early-grower, lategrower, early-finisher, late-finisher, and overall periods were not affected (P > 0.10). Furthermore, carcass characteristics were not affected by ME level of the diet or by the addition of CrProp (P > 0.10; Table 3 ).
Forty-five-min carcass temperature and Commission Internationale de l'Eclairage (CIE) L* tended (P = 0.07) to be increased in pigs fed high-ME diets, but shear force (P = 0.06) tended to be decreased in pigs fed high-ME diets (Table 4) . Subjective marbling was increased (P < 0.03) in pigs fed CrProp. Percentage of moisture in the loin muscle and thaw loss were decreased (P < 0.04) in pigs fed CrProp. No other measure of pork quality was affected (P > 0.10) by CrProp and no other interactions were observed (P > 0.10).
Discussion
The effects of CrProp on growth and carcass traits were minimal. Matthews et al. (2001b) reported that CrProp decreased ADFI by 8.8% during the late-finisher period. In the present study, feed intake was only numerically decreased during the late-finisher period. Although some reports have indicated that CrPic may improve ADG and feed efficiency (Lindemann et al., 1995; Mooney and Cromwell, 1995) , other researchers have indicated that CrPic does not affect growth performance (Evock-Clover et al., 1993; Mooney and Cromwell, 1999) , and our data with CrProp are generally in agreement with those reports indicating CrPic does not affect growth performance. However, daily gain during the early-grower period was increased in pigs fed CrProp in low-ME diets, but decreased in pigs fed CrProp in high-ME diets. Research has indicated that Cr deficiency may be exacerbated by the addition of fat (40% lard) to the diet of rats (Striffler et al., 1995) . Although the level of fat in our diets was much lower (4.5%), this may explain the occurrence of this effect on ADG during the early-grower period, but does not explain the lack of this effect during the other periods. Moreover, van de Ligt et al. (1998) reported no interactive effects of CrPic and dietary energy level; however, all energy levels used were below requirements.
Plasma NEFA concentrations were not affected in pigs fed CrProp. Matthews et al. (2001b) reported that plasma NEFA concentrations were decreased or tended to be decreased in pigs fed CrPic or CrProp in a diet without added fat, but we are unaware of reports indicating that Cr affects plasma or serum NEFA concentrations in pigs fed high-fat diets.
Reports also have indicated that CrPic increases carcass leanness in pigs (Page et al., 1993; Lindemann et al., 1995; Mooney and Cromwell, 1995) , and Matthews et al. (2001b) reported that CrProp tended to increase percentage of muscling in pigs. Other reports have indicated that CrPic does not affect carcass leanness (Evock-Clover et al., 1993; Mooney and Cromwell, 1999) and our data agree. Page et al. (1992) reported that CrPic did not affect water-holding capacity (drip or cooking loss) or shear force of chops from the loin muscle. However, some research has indicated that Cr may affect pork quality. Boleman et al. (1995) reported no effects of CrPic on water-holding or sensory evaluation in the loin muscle of pigs, but shear force was increased in pigs fed CrPic throughout the growing-finishing period compared to pigs fed CrPic during the finishing period only. O'Quinn et al. (1998) reported that CrPic decreased drip loss and marbling, and that Cr nicotinate decreased loin muscle subjective color and saturation index in gilts. Our data are partially in agreement with O'Quinn et al. (1998) in that thaw loss was decreased in pigs fed CrProp, but our data indicate that subjective marbling score was increased by CrProp. Although our data did not objectively measure marbling, the reduction in per- centage of moisture may give some confirmation of the subjective marbling scores because an increase in intramuscular fat should be inversely related to moisture content.
Two possible mechanisms for Cr to affect pork quality include: 1) the effect of Cr on carbohydrate metabolism, or 2) the effect of Cr on stress. Research has indicated that CrProp or CrPic increases insulin sensitivity as assessed by increased glucose clearance during an intravenous insulin challenge test (Amoikon et al., 1995; Matthews et al., 2001b) . In vitro research has indicated that CrPic decreases insulin binding in porcine hepatic tissue, but CrPic increases insulin binding in porcine red blood cell ghosts and adipocytes (Ward et al., 1994; Berrio et al., 1995) . This response indicates that Cr may enhance insulin binding in certain tissues, resulting in improved glucose uptake by these tissues, but may decrease insulin binding in other tissues. Although we are unaware of research indicating that Cr may increase or decrease glucose uptake in swine muscle tissue, the aforementioned research would indicate that Cr might affect glucose uptake (glycolytic potential) in muscle tissues and subsequently affect pork quality.
Research has consistently indicated that preslaughter stress affects pork quality. Some preslaughter factors that affect stress include rest time at the lairage, mixing unfamiliar pigs, transportation length, and handling procedures implemented when moving pigs (Jones et al., 1994; Matthews et al., 2001a) . Generally, these stresses are considered short-term stresses. Ward et al. (1997) reported that CrPic supplementation in pigs did not alleviate the stress associated with crowding. Matthews et al. (2001a) reported that pigs may adjust to the long-term stress of crowding and subsequently be less affected by short-term stressors, such as those encountered at slaughter. Thus, in the research of Ward et al. (1997) , the use of crowding stress may have been inappropriate to test the effects of CrPic on stress if the pigs adjusted to the crowding stress. Some research has indicated that Cr may partially alleviate the effects of a short-term stress, such as shipping stress in feedlot calves (NRC, 1997) . Furthermore, other reports have indicated that Cr may decrease serum cortisol levels in calves (Mowat et al., 1993) .
Implications
The improvements observed for certain aspects of pork quality in pigs fed chromium propionate may be of importance to the swine industry. However, more research is necessary to determine the consistency in which chromium propionate may improve pork quality. Furthermore, these data indicate that chromium propionate is a potential organic source of chromium. The pH and temperature measurements were taken in the longissimus muscle between the 10th-and 11th-ribs. The CIE L*, a*, and b* values (determined using the CIELAB space with a D65 illuminant) were obtained from three orientations on the 10th-rib chop using a Minolta spectrophotometer (model CM-508d; Minolta Corporation, Ramsey, NJ). Percentage of moisture and bound water were measured on the 9th-rib chop.
f Thaw, cooking, and total losses were determined on the 10th-rib chop.
